In the present study a solid-phase radioimmune assay was used for the demonstration of herpes simplex virus-specific IgG and secretory IgA antibodies in the lacrimal fluid from patients with active recurrent herpes keratitis. The method was quantitative and made it possible to test specifically for the production of secretory IgA antibodies produced during an active herpes simplex virus infection. The production of secretory IgA was followed in 2 patients with fresh recurrent lesions. The HSV-specific secretory IgA could be demonstrated during the first 10 days of infection, where the maximal concentration was reached 3-5 days after the first symptoms occurred. The secretory antibodies were locally produced, and it is shown for the first time that herpes virus-specific secretory antibodies were of diagnostic value.
SUMMARY
In the present study a solid-phase radioimmune assay was used for the demonstration of herpes simplex virus-specific IgG and secretory IgA antibodies in the lacrimal fluid from patients with active recurrent herpes keratitis. The method was quantitative and made it possible to test specifically for the production of secretory IgA antibodies produced during an active herpes simplex virus infection. The production of secretory IgA was followed in 2 patients with fresh recurrent lesions. The HSV-specific secretory IgA could be demonstrated during the first 10 days of infection, where the maximal concentration was reached 3-5 days after the first symptoms occurred. The secretory antibodies were locally produced, and it is shown for the first time that herpes virus-specific secretory antibodies were of diagnostic value.
Herpes keratitis is the most frequent cause of comeal opacities in developed countries, and because of its tendency to recurrence the infection often causes irreversible damage, followed in severe cases by the development of blindness.' Usually the diagnosis is based mainly on clinical evidence. However, herpes keratitis has various atypical manifestations which often makes it difficult to give an exact diagnosis.
The detection of antibodies reactive to HSV in the lacrimal fluid has mainly been done by the passive haemagglutination test (PHA), which allows the detection of antibodies ofthe IgG class.2 HSV-specific antibodies were found in 14 In the present study we used a radioimmune assay developed for the detection of SIgA reactive specifically with HSV. The presence of the virus-specific SIgA in lacrimal fluid from a limited number of patients with active herpes keratitis and from control persons was studied. The HSV-specific SIgA was found only in the lacrimal fluid from the patients, and the possible role of the test for the diagnosis of herpes simplex infections of the eye is discussed.
Materials and methods

PATIENTS AND CONTROLS
Seven patients and 7 controls were selected as follows.
The 7 patients (nos. 1 to 7) suffered from different types of herpetic keratitis. In the case of recurrent herpetic keratitis tears were collected in the active phase-so-called fresh recurrency-when the epithelial defects were present. Between herpetic attacks these patients are inactive from a clinical point of view. Patient no. 4 had suffered from a first-time herpetic keratitis, but it had shown a prolonged 648 Table 1A . order to collect enough lacrimal fluid. Two patients who suffered from fresh recurrent Stimulation was performed by directing a jet of herpetic keratitis were followed and tears collected ice-cold air to the centre of the unaffected cornea. on days 2, 5, 9 or 1, 3, 5, and 15 after the first The air jet was made by a glass cone with an exit symptoms occurred. Five of the patients (nos. 1, 3, 4, orifice of 1 mm and a flow of 11/2 1 air per second. The 5, and 6) had severely inflamed, red eyes, while 2 of cone was placed at a distance of 5 cm from the cornea. them (nos. 2 and 7) had slightly inflamed eyes.
The rapid cooling of the cornea provoked sufficient The group of controls was heterogeneous. Two reflex tearing in both eyes. healthy persons (nos. 9 and 10) with no signs of eye
The tear fluid was drawn into capillary tubes from disease, and 5 persons (nos. 8, 11, 12, 13 , and 14) with the lacrimal river at the lateral canthus by capillary lesions of nonherpetic origin in the eye, were selected action, and when filled, the tubes were sealed with (Table 1B) . The reason for the heterogeneous control wax and stored at -70°C until use. group was that we wanted to include controls with The content of serum albumin in tear fluid was lesions that allowed leakage of serum proteins into measured in a micromodification of the electrothe lacrimal fluid in order to test for the specificity of immunoassay of Prause. The content of HSV-1 specific IgG was measured in paired samples of lacrimal fluid and serum for all the persons selected for the present pilot study. The radioimmune assay with the discs was used as follows:
Lacrimal fluid was used unabsorbed and diluted 1:2 in the buffer. 50 ,ul of this dilution was incubated with either an HSV-1 disc or with a MOCK disc. The serum samples were diluted 1:10 before incubation with the HSV-1 and the MOCK discs, and 50 ,ul samples were applied as described above. After incubation for 4-5 h at 37°C the discs were washed extensively and incubated with '25H-labelled protein A.9 10 The quantitation of the amount of specifically bound, iodinated protein A was done after extensive wash as described in the previous section. The specific binding of IgG was calculated as a percentage of the maximum binding obtained with the reference serum IgG from the HSV-1 seropositive donor. Table 2 .
The quantity of HSV-specific SIgA in lacrimal fluid from herpes keratitis patients varied between 16-4% and 63 7%, whereas the amount of HSV-specific SIgA in the control group (nos. 8 to 14) was maximally 3-8% (Table 2 ). All the controls were negative for the specific secretory IgA in lacrimal fluid, though the control persons with eye lesions of nonherpetic origin (nos. 11 to 14) showed leakage of serum protein into the lacrimal fluid.
The specific SIgA was followed in 2 patients during the active phase of the keratitis. The patient followed up on days 3, 5, 9 and the one followed on days 1, 3, 5, and 15 had the maximal amount of SIgA in their tears between days 3 and 5 ( Fig. 1 The quantity of IgG in the lacrimal fluid from the affected eye from patients nos. 1-7 ranged from 14 8% to 36-8% of the maximal amount of IgG bound under saturating conditions. Among the controls only the lacrimal fluid from nos. 12, 13, and 14 was positive for IgG, and the amount was from 24 2% to 55 3%. The lacrimal fluid from controls nos. 8-11 was negative for HSV-specific IgG (the maximum value was 2 6%). The controls nos. 12, 13, and 14, who were positive for HSV-specific IgG in lacrimal fluid, had severely inflamed eyes, so that leakage of serum IgG into the lacrimal fluid could not be excluded. That leakage occurred was confirmed by the measurement of albumin in the lacrimal fluid as described below.
It should be mentioned that all persons selected for the present study except control no. 10 were positive for HSV-specific IgG in serum, and the quantity ranged from 10% to 100%.
ALBUMIN MEASURED IN PAIRED SAMPLES OF LACRIMAL FLUID AND SERUM
Detection of increased amounts of albumin in lacrimal fluid is an indicator of the impairment of blood vessels, which leads to passive diffusion of serum proteins into the lacrimal fluid. The amount of albumin in the lacrimal fluid of patients as well as controls is listed in Table 3 . The normal value of albumin measured in lacrimal fluid from unaffected eyes is approximately 1 to 25 gg per ml. 13 The patients with severely inflamed, red eyes (nos. 3, 4, and 5) had increased amounts of albumin in the lacrimal fluid, with values ranging between 102 and 364 ,ug per ml.
(SI conversion: ,ug/mlx 1=mg/I.) Patients nos. 2 and 7 did not have increased albumin (23-6 and 12-5 ,ug/ml respectively), which was in agreement with the clinical findings, as these 2 patients had slightly inflamed eyes. The albumin concentration in tears from patients nos. 1 and 6 was not measured because of shortage of lacrimal fluid obtained. Herpes simplex virus infections of the eye have previously been studied in both man and the rabbit. The production of herpes simplex-specific IgG and IgA was demonstrated in the lacrimal fluid during human eye infections.2I5 The possible role of IgA for the protection against herpes simplex virus infections of the eye has received some attention, and the possibility that the effective neutralisation of infectious virus is dependent on the co-operative effect of both IgG and IgA has been discussed. 6 The methods used have not allowed the detection of HSV-specific secretory IgA, although this might represent the majority of the total IgA.
In the present study herpes-specific antibodies of the secretory IgA class were found in human tears during an active herpes keratitis. The quantity was increased up to 20 times above the background value present in lacrimal fluid from controls (Table 2) .
It should be specifically noted that persons with severely inflamed eyes due to affections of nonherpetic origin (controls nos. 12, 13, and 14) were completely negative for HSV-specific SIgA in the lacrimal fluid, although leakage of serum proteins into the lacrimal fluid did occur (Table 3) . Passive transmission of HSV-specific IgG and IgA from serum into the lacrimal fluid was therefore possible. 3 The finding that all patients and controls except no. 10 were positive for HSV-specific IgG in serum made the demonstration ofHSV-specific IgG in the lacrimal fluid of no diagnostic value.
The conclusion that the immunoglobulin measured in the test was secretory IgA was possible only when the second antibody used in the test was directed specifically towards the secretory component of human IgA.'7 That this was the case was demonstrated by the inability of the reagent to bind to the a-chains of serum IgA.9
In conclusion, the radioimmune assay allows the demonstration and quantitation of HSV-specific SIgA in lacrimal fluid from patients with active herpes keratitis. SIgA apparently reached a maximal amount within the first week of the disease (Fig. 1) . Our results indicate that the SIgA represents locally produced antibodies made only during the active phase of the disease. The local production is supported by a few observations where tears from the healthy eye of herpes keratitis patients were collected and shown to be negative for HSV-specific SIgA (data not shown). The secretory IgA might thus be of diagnostic value for the herpes keratitis, but this has to be evaluated in a double-blind study where lacrimal fluid from a significant number of patients and controls is collected.
